Purpose: The incidence rates of colorectal cancer (CRC) in Korea have been increasing during the past decade. Therefore, it is important to understand the characteristics, including survival, of Korean CRC patients. The aim of this study was to use the nationwide cancer registry to evaluate the characteristics of Korean CRC, focusing on the survival, according to tumor location, sex, and specific age groups. Methods: Using the Korea Central Cancer Registry (KCCR), we analyzed a total of 226,352 CRC cases diagnosed from 1993 to 2010. The five-year relative survivals were compared for the proximal colon, the distal colon, and the rectum. Survival rates were compared between men and women and between patients of young age (less than 40 years old) and patients of advanced age (70 years old or older). Results: The 5-year survival rates were improved in all subsites between 1993 and 2010. Distal colon cancer showed favorable survival compared to proximal colon or rectal cancer. Females demonstrated worse survival for local or regional cancers, and this difference was significant in for patients in their seventies. Young patients (<40 years old) showed better survival rates for overall and proximal colon cancer comparable to those for older patients (≥40 years old), but advanced age patients (≥70 years old) had worse survivals for all tumor subsites compared to their younger counterparts (<70 years old). These trends were similar in distant CRC. Conclusion: Korean CRC has certain distinct characteristics of survival according to tumor location, sex, and age. Despite the limitations of available data, this study contributes to a better understanding of survival differences in Korean CRC.
INTRODUCTION
As a result of the increase in the incidence of colorectal cancer (CRC) since 1999, it has become the third most common cancer in Korea, with an age-standardized incidence rate of 36.9/100,000 in 2010 [1] . During the past decades, there have been many significant changes in the diagnosis and treatment of CRC, and these may lead to an improved prognosis in Korea. There have been several reports on the incidence of cancer and the survival of patients with cancer, including CRC [2] [3] [4] . However, those reports have not fully addressed the variations in the survival features according to tumor location, sex, specific age group, and stage. In addition, the significance of these factors for the survival was not assessed based on a nationwide database.
The Korea Central Cancer Registry (KCCR) was initiated as a nation-wide, hospital-based cancer registry in Korea in 1980 and has covered the entire population since 1999. Under the national medical insurance system, this registry collects information mostly on cancer cases across the country. Thus, an analysis of this registry can be informative and provide an understanding of the features of CRC in Korea. The aim of this study was to use the KCCR data to evaluate the characteristics of Korean CRC, focusing on the variation in survival according to a specific age group, sex, or tumor location.
METHODS
Age, sex, tumor location, and stage were obtained from the Korea National Cancer Incidence Database (KNCI DB). This database between 1993 and 2010 was employed for the current analysis. The KCCR covered a total of 226,352 CRCs in this period. We measured the 5-year relative survivals for the following time periods; 1993-1995, 1996-2000, 2001-2005, and 2006-2010 . Anatomical subsites were defined as the proximal colon (from the cecum including appendix to the splenic flexure of the colon), the distal colon (from the descending colon to the sigmoid colon), and the rectum. The surveillance epidemiology and end results (SEER) stages (local, regional, distant, and unknown disease) could be accessed from 2005 to 2010. We used the 5-year relative survival rate (RSR), adjusted for the mortality expected among other peoples of the same age and sex. The RSR were calculated using the Ederer II method [5] . We also estimated survival differences by sex (male and female) and by age at diagnosis (39 years or younger, 40-49 years, 50-59 years, 60-69 years, and 70 years or older).
To describe characteristics of young-age cancer, we defined it as cancer that developed in a person under the age of forties, and we compared the survival for that group of patient with the survivals for other age groups. We also defined advanced-age cancer as a cancer that develops in a person older than seventies, and we compared the survival for that group with the survivals for other age groups. In addition, we examined survival differences between young-age and advanced-age cancer by using the distant disease (SEER stage) of CRC. Table 1 shows the 5-year relative survivals for proximal colon, distal colon, and rectal cancers by time period. Survival has improved significantly for all tumor sites of CRC. Distal colon cancer showed the most favorable survival compared to proximal colon cancer or rectal cancer, except for the 1993-1995 period. This finding was reaffirmed by the survival analysis according to SEER stage ( Table 2) .
RESULTS
In general, females showed worse survival than males (Table 3 ). In the comparison of sex difference by SEER stage, we observed that elderly women (more than 70 years old), especially those with local or regional disease, had a significantly lower survival rate than men (Table 4 ). In addition, women were diagnosed at an older age than men. The distribution of age at the time of diagnosis was shifted slightly to older age in females while median age in men remained fairly stable between 2005 and 2010 (Fig. 1) elderly patients, more than 70 years of age, showed a survival that was somewhat divergent from the survivals of other age groups. Poor survival rate was mostly seen among the SEER stage in this age group (Table 5) . This is quite similar to what was observed in the survivals for both men and women. The poor survival of elderly women may largely contribute to the survival difference.
Generally, CRC is regarded as a disease of older patients. Nevertheless, the incidence of CRC at 39 years of age or younger was about 5% in Korea. Except for distal colon cancer, the survival in young patients was slightly higher than the survivals in patients in their forties and in even older patients (Table 6 ). On the contrary, CRC in the advanced-age group (70 or older) a total incidence of 29.4% and showed a low survival rate for all tumor subsites compared to CRC in patients younger than 70 years of age (Table 7) .
These findings continued to overall survival with distant disease. Our detailed analysis showed better survival in distant disease from proximal colon cancer in the young-age group, but survivals from tumors at other sites did not show significant differences (Table 8 ). In the advanced-age group, the survival with distant disease was lower for all tumor subsites than it was for the other age groups (Table 9) .
DISCUSSION
Survival for CRC has improved in Korea during the last decades. Although this better prognosis may not adequately reflect the important progress in the diagnosis and the management of CRC, it is evident that many Korean clinicians have made an effort to improve survival. Many studies have reported a right shift in the incidence of CRC, and that may be due to the greater likelihood of a scope examination [6] [7] [8] [9] . A previous study supports this finding, an increase in the incidence of distal colon, followed by proximal colon cancer. On the contrary, over the period, there has been a slow, but steady, decline in the proportion of rectal cancers among CRCs [4] . Recently, the prognosis for patients with proximal colon cancer was worse than that for patients with distal colon [10] [11] [12] [13] . However, the reason for and the clinical implication of the difference in survival remain unclear, although many distinct characteristics have been assessed. Weiss et al. [14] reported that no difference in 5-year mortality was observed between right-and left-sided colon cancers. In addition, they showed that proximal colon cancer had a lower mortality in stage II whereas and a higher mortality in stage III. They suggested that tumor biology, including microsatellite instability (MSI), may be associated with this finding. MSI was found more in stage II proximal colon cancer, and this was related to a favorable prognosis. We also demonstrated that survival for right-sided colon cancer was poorer than that of distal colon and that this difference was more significant over regionally advanced disease.
Preoperative chemoradiation has recently been a main treatment option in rectal cancer. Although down-staging of rectal cancer may occur after this therapy, this study was reflective of only final pathologic staging. Thus, for a better understanding of rectal cancer survival, the proportion of patients with preoperative chemoradiation must be considered.
In Korea, a significantly high rate of increase of CRC was observed among males [1]. Male gender was suggested to be a risk factor for CRC; this finding was associated with smoking and alcohol consumption [15] [16] [17] [18] [19] . Gender differences in CRC have been studied based on tumor site and patient characteristics. Women are more likely to develop proximal colon cancer with MSI-H (high) [20, 21] . Although the reason for this gender difference is unknown, this may be responsible for the better prognosis in women. Moreover, the survival after resection has been observed to be longer in women than men [22] , and female cancer patients in Korea show an improved survival for the majority of solid tumors [23] . However, females had worse survival than males in our CRC data. This difference was prominent in patients with over seventies. Household income and the economic recession were shown to possibly be related to reluctance to undergo CRC screening [24] . Also elderly women were reported to undergo less aggressive medical therapy for advanced disease [22] . Therefore, this finding may be associated with socioeconomic factors and with the hesitancy to undergo aggressive therapy in elderly Korean women. These patients may also be less likely to be afforded regular health monitoring and may have fewer opportunities for earlier diagnosis. Age played a certain role in poor sur- vival and may be an impediment to continued improvements in the prognosis. In metastatic CRC, Hendifar et al. [25] observed that younger women had longer survival than men whereas older women had shorter survival. They reported that this finding might be related to estrogen, which has been associated with the prevention of colon cancer. Our data support this finding, as shown Table 4 . The relation between young age and prognosis remains controversial. Some studies showed poor survival in younger patients, with advanced disease, later stage or aggressive histology [26] [27] [28] [29] . Cancer in the young-age group may be associated with proximal location, a mucinous or poorly-differentiated component, and familial history. On the other hand, some studies have shown no differences in survival between younger and older patients with CRC [30] [31] [32] [33] .
The incidence of CRC at 39 years or younger was reported between 1.6% and 23% and our data showed 5%. We found that young patients showed comparable survival with patients aged more than 40 years. However, young patients with distal colon cancer should be considered on poor survival. In addition, this finding may be interpreted carefully in the relatively low portion of young age patients and the survival difference should be followed for a better understanding of outcomes according to age.
Elderly age had worse survival than younger age at all SEER stage and tumor sites. Elderly patients were less likely received additional therapy for their disease and to be offered chemotherapy. Comorbidities and poor performance state may also have impacted on their limitation of treatment. It was reported that selective elderly patients who receive chemotherapy were similar to the survival of younger patients [34] . In addition, age was not necessarily influence on the survival under chemotherapy group despite the regimen [35, 36] . Therefore, our data can support the concept that low survival with elderly patients (more than 70 years) may reflect patient selection in Korea. However, treatment rate may have been increased in Korean elderly patients and this difference should be followed continuously.
In metastatic CRC, survival rates of young age under 40 years showed comparable survival except proximal colon cancer which showed better survival compared to their counterpart. Elderly patients more than 70 years also demonstrated poor survival at all tumor sites.
Resection of primary tumor in stage IV CRC has been controversial to benefit in survival [37] ; however, recently, this may effect on the improvement of survival [38] [39] [40] [41] [42] . Young or elder patient may have extensive metastatic tumor burden and less likely to undergo resection of tumor. Therefore, investigation and comparison of accurate resection rate according to age group can explain this survival difference. In summary, although this study is based on the KCCR with limited availability, such as limited information on SEER stage before 2005, it provides valuable information about survival characteristics of Korean CRC from nationwide database.
